Effective supersymmetry(SUSY) where stop is the lightest squark may run into a two-loop tachyonic problem in some Z ′ mediation models. In addition, a large A term or/and a large stop mass are needed to have ∼ 126 GeV Higgs boson with three families of quarks and leptons. Thus, we suggest an inverted effective SUSY(IeffSUSY) where stop mass is larger compared to those of the first two families. In this case, it is possible to have a significant correction to the anomalous magnetic moment of muon. A three family IeffSUSY in a Z ′ mediation scenario is explicitly studied with the Z ′ quantum number related to B − L. Here, we adopt both the Z ′ mediation and gravity mediation where the Z ′ mediation is the dominant one for stop, while the gravity mediation is the dominant one for the muonic leptons and Higgs multiplets. We present a numerical study based on a specific anomaly free model, and show the existence of the parameter region where all the phenomenological conditions are satisfied.
I. INTRODUCTION
The recent LHC reports hint the Higgs boson mass at 125-127 GeV [1] . This small Higgs boson mass compared to the Planck mass needs a huge hierarchy of mass scales, inviting solutions of the hierarchy problem. Supersymmetry(SUSY) has been considered to be the most attractive one among the hierarchy solutions, but the LHC data is not consistent with the constrained minimal supersymmetric standard model(CMSSM) prediction in the region M gluino m squark 1 TeV 2 . A small Higgs boson mass (m h ≃ 0.126 TeV) needs a large stop mass or/and a large A-term in the CMSSM.
The LHC hints toward large squark masses are usually interpreted as a large mass limit for the first family squarks. The third family squarks have much lower exclusion bound [2] than those of the first two families. The current bound for mq 1,2 is usually taken as 1.5 TeV [3] . Thus, the squark masses of the third family can be below 1 TeV in principle, which has been proposed long time ago as the effective SUSY(effSUSY) [4] . So, if Nature has low energy SUSY as a solution to the hierarchy problem, the previously considered attractive models have been the effSUSY where only the third family squarks are in the reach of the LHC search.
Another LHC hint is the possibility of light Higgs boson whose mass is around 126 GeV [1] . However, a light Higgs boson as heavy as 126 GeV is difficult to obtain in the CMSSM, mainly due to the tree level mass bound m tree h ≤ M Z . The loop corrections raise the Higgs mass but a fine-tuning is needed to raise it above 120 GeV [5] . This has led to scenarios with a large A-term from the large top Yukawa coupling and/or a large stop mass. The effSUSY through gauge mediation cannot lead to a large A-term since the gravity mediation for the squark mass generation is assumed to be sub-dominant compared to that of the gauge mediation. Also, the effSUSY assumes a relatively small stop mass. If gauge mediation is effectively achieved by a family-dependent Z ′ mediation [6] , then there is another problem that most scalar particles become tachyons, if the two-loop contributions are included.
A large hierarchy of soft masses between different families is easily realized by imposing family dependent Z ′ charges in the Z ′ mediation [7, 8] . If the soft masses of some specific family are much smaller than those of another family, the heavy soft mass term contributes to the light soft masses at the two loop level through the SM gauge group interaction [9] . Therefore, if the light scalars are not charged under U(1) Z ′ in the Z ′ mediation scenario, they become tachyonic when two loop effects are taken into account. This two-loop tachyonic problem may not be present in the Z ′ D-term breaking [10] . However, the model building along the D-term breaking may be more complicated than the method we introduce below with three chiral families of quarks and leptons.
The family-dependent Z ′ mediation is so easily realized in string models [6] that we consider its realization a natural one. As mentioned above, however, we need a large A-term and/or large stop masses from the LHC constraints. Here, we implement the large A-term by the gravity mediation. Both for the Z ′ mediation and the gravity mediation, the same dynamical SUSY breaking scale applies, which is assumed to be around Λ h ≃ 10 13 GeV [11] . Gravity mediation with this dynamical SUSY breaking scale sets the scale for the Aterm. To radiatively raise the Higgs boson mass sufficiently above M Z , we need large stop masses. So, the family-dependent Z ′ mediation is of the form 'inverted', in the sense that the 3rd family squarks are heavy compared to the first two family squarks. We call this scenario inverted effective SUSY(IeffSUSY). If stops are the heaviest sfermions, we use the term IeffSUSY irrespective of the order of the remaining sfermion masses.
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In the family-dependent Z ′ mediation scenario, the 3rd family members can be made heavy by assigning large Z ′ quantum numbers to them while keeping the first two family members to carry very small Z ′ quantum numbers, which is the opposite view taken from that of Ref. [6] . So, the first two family squarks obtain masses predominantly via the gravity mediation.
[Note that the 3rd family members get the additional contribution through the Z ′ mediation.] For the gravity mediation, the messenger scale is considered to be the Planck mass M P = 2.44 × 10
18 GeV. For the Z ′ mediation, the messenger scale is another parameter M mess . If M mess 1 10 M P , we can achieve a reasonable IeffSUSY. The messenger scales and the visible sector masses are depicted schematically in Fig. 1 , where the visible and the hidden sectors do not communicate directly as emphasized by the thick brown bar in Fig. 1 . Assuming that the lowest messenger scale M mess is significantly separated from the other messenger scales, the low energy spectra is dominated by the scale M mess of the Z ′ mediation. In this sense, we argue that the Z ′ mediation arises naturally from an ultraviolet completed theory, as far as the lowest messenger scale M mess is sufficiently separated from the other messenger scales. Now, the two-loop tachyons are made stable by the positive soft mass arising from the gravity mediation. In addition, in this IeffSUSY the muon g − 2 deviation [12] from the SM estimation can be made significant through the light gaugino masses, which arise at the two-loop in the Z ′ mediation [7] , and the light smuon (μ) and scalarmuonneutrino (ν 2 ) masses.
II. LARGE CORRECTION TO MUON ANOMALOUS MAGNETIC MOMENT
1. Soft mass scales in the Z ′ mediation
As shown in Fig. 1 , in the Z ′ mediation scenario the soft masses at the messenger scale are generated by Z ′ charged matter. At the messenger scale M mess , the mass splitting of Z ′ gauge multiplet, i.e. the superpartner Zprimino mass minus Z ′ gauge boson mass, ∆MZ ′ , becomes
4π and F = Λ 3 h /M P . Then, the sfermion soft term is estimated as
where Z ′ is the U(1) Z ′ charge and the visible sector gauginosg a obtain mass at the two-loop level,
where M ′ is the U(1) ′ gauge symmetry breaking scale and c a = (Z ′ ) 2 T s . The gravity mediation is taken into account such that soft terms appear at the Planck mass scale, which is imposed as the initial conditions in the following numerical study:
P . This is a kind of mixed mediation studied in Refs. [13, 14] , but here again unlike in the usual gauge mediation we take a family-dependent Z ′ mixed mediation. Hence, our results are different from those studied before [13, 14] .
2. SUGRA model toward a large correction to (g − 2)µ As commented in Introduction, in the CMSSM with three families of quarks and leptons it is necessary to have a large A-term and/or large stop mass to have a light but somewhat heavier Higgs boson above M Z at around 126 GeV. Thus, we introduce the family-dependent IeffSUSY. If quarks and leptons in a family are treated in the simplest way, we consider a Z ′ charge assignment related to B − L as shown in Table I where we introduce two Z ′ mediation parameters, λ f for the quark and lepton superfields and λ h for the Higgs superfields. In our study here, we set λ h = 0. This model does not have any gauge and gravitational anomalies. Of course, charges may not have this simple form in string compactification.
The Z ′ charges of the SM fermions, Higgs doublets and heavy neutrinos. The choice λ f = λ h = 0 is the simplest case. For the BNL (g−2)µ, the muonic leptons carry vanishing Z ′ charges while the others carry nonzero Z ′ charges with nonzero λ f .
Interesting cases are λ f = ±1 which give the same squark masses. If these squarks are removed at very high energy scale, it is similar to but not the same as the split SUSY [17] because scalar muons for λ f = ±1 and scalar taus for λ f = −1 survive to low energy. At a first glace, these light scalar leptons may work against the gauge coupling unification since the 2nd (and the 3rd family) sfermions do not form GUT multiplets, but there is the tunable parameter M mess for the gauge coupling unification. These particular cases of λ f can be called partlysplit SUSY. Note also that the λ f = −1 case allows the quantum numbers such that a large mixing between ν µ and ν τ is not forbidden. 
The σµν couplings
The Brookhaven National Laboratory(BNL) has measured (g − 2) of µ with the following discrepancy on the muon anomalous magnetic moment from the SM prediction [12] (4) where the errors including the electroweak and hadronic contributions are combined in the quadrature, resulting to the discrepancy of 3.6 σ error.
The experimentally interesting µ → eγ mode amplitude is inversely proportional to the flavor violation quantum number λ
f . Since the present bound from µ → eγ surpasses all the other lepton flavor violation bounds [18] , we consider only µ → eγ here for the lepton flavor violation through the σ µν coupling. The σ µν coupling of neutrino was considered long time ago for the neutral current data [19] , which has a different chirality from the tree level V and A interactions of the SM. So, the σ µν couplings arise at higher orders. It must involve interactions beyond the V − A charged current interactions. If it arise from the tree level V and A interactions, there must be V + A charged current interactions also [20] . If we introduce the S and P interactions as in the SUSY extension of the SM, the σ µν couplings can be obtained at one loop level. So, the σ µν couplings are classified into a different chirality class from that of V and A. Now, let us parametrize the one loop σ µν couplings of the charged leptons to the electromagnetic field strength
Note that the real parts of the flavor diagonal A µLµR and A µRµL contribute to (g − 2) µ , the imaginary parts of A µLµR and A µRµL contribute to the muon EDM, and the flavor violating absolute magnitude contributes to BR(µ → eγ). Parametrizing g − 2, EDM and µ → eγ Lagrangians with σ µν couplings as [18, 21] 
where the µ → eγ Lagrangian is compared to the (g −2) µ Lagrangian with the flavor violating parameter ǫ eµ , and we may factor out e from the muon EDM
Then, we have a chirality relation on the coefficients of σ µν couplings,
The BR(µ → eγ) is given by [18] ,
If selectron is heavier than Zino, we estimate
, and obtain
Therefore, BR(µ → eγ) is estimated as
where ∆M 2 eμ is the parameter denoting the slepton mixing, and MZ , 100 and Mμ , 100 are MZ and Mμ masses in units of 100 GeV. This can be compared to the experimental upper bound 2.4 × 10 −12 [22] . A typical flavor mixing diagram is shown in Fig. 2 . If the flavor mixing parameter ∆M 2 eμ is assumed to be M 4 µ /M 2 e , the RHS is proportional to (Mμ/Mẽ) 8 and the selectron mass more than 60 times the smuon mass is enough to satisfy the µ → eγ upper bound, assuming the order 1 value for M 2 Z, 100 /M 4 µ, 100 . If λ f is large, selectron mass is few tens times the smuon mass. If λ f is small, e.g. for λ f = 1 6 the ratio is about 4. But the flavor problem can be accurately addressed in a complete model with the details of the first two family Yukawa couplings, which we do not consider in this paper.
Muon anomalous magnetic moment from SUGRA chargino and neutralino
The muon anomalous magnetic moment in the MSSM has been given in Ref. [21] . The anomalous magnetic moment arises from the SUSY diagrams among which the chargino diagram is shown in Fig. 3 . We discuss the chargino diagram here in detail in Appendix A because the results can be presented as closed forms. The neutralino diagram also contributes and the approximate form is present in Appendix B. In the mass region of our interest, it is estimated that the contribution of the neutralino diagram is more important compared to that of the chargino diagram, unlike the comments of [21, 23] . In the numerical analyses of Sec. III, we include both contributions. The anomalous magnetic moment a SUSY µ in units of the muon Bohr magneton is the sum of mass eigenstates chargino and neutralino contributions:
where 
Here, C 
Note that the four possible cases of the chargino contribution give the same sign for the combinations cos ǫ sin ǫ ′ and − sin ǫ cos ǫ ′ , which are of order M W /µ. From Eq. (13), we note that the neutralino contribution dominates for a large µ. In our presentation in Sec. III, we work for two almost degenerate neutralinos. This degeneracy may be violated by the running of g 2 and g 1 gauge couplings, but our objective on the order estimation will not be changed much even if the running effects are taken into account. Looking at the front numerical factor of Eq. (13), we note that the BNL (g − 2) µ can be explained by the TeV scale SUSY parameters as we show in Sect. III. This scenario can be achieved with the IeffSUSY Z ′ quantum numbers shown in Table I , where muonic leptons carry the vanishing Z ′ quantum number such that their scalar partners obtain SUSY breaking masses only through gravity mediation which is of order m 3/2 . These muonic scalar partners are the lightest sfermions. The next order sfermion masses are the first family sfermions and the second family squarks. The heaviest sfermions are the third family members.
III. PHENOMENOLOGICAL BOUNDS
For Table I , let the mass scale of the heavy 3rd family squarks is universally given asM 2 q3 . Assuming onlyt andb masses get Z ′ mediated heavy mass, the two loop running equation for squarks (i = 1, 2, 3), in the limit m
(TeV) µ 
These conditions are much more stronger than the absence of tachyons. Therefore, we use the package SOFT-SUSY [24] which includes two-loop evolutions. Given the boundary values of the input parameters such as m (15) which is stronger than no tachyon constraints of [9] , (2) the LHC bounds on the gluino mass and the first two family squark masses [2, 3] , and (3) the 1σ allowed region for the BNL (g − 2) µ [12] . The b → sγ constraint [25] is satisfied since we required mq 1,2 > 1.5 TeV. In Fig. 4 , we present the scatter plots in the mμ vs. µ for the fixed Λ h = 3 × 10 13 GeV and the scattered µ and M mess , in (a) for λ f = 1 6 , λ h = 0 and in (b) for λ f = −1, λ h = 0. The light Higgs scalar are tuned to 125∼127 GeV. The green dots of Fig. 4 give m h in the region 125-127 GeV, and pink dots give the BNL (g − 2) µ . The red dots are satisfying all the constraints. In the insets, we present some selected red dots with more information in blue dots. For three blue dots in each inset we show the detail information on scalar-muon-neutrino mass, the LSP mass m LSP , tan β, and the messenger scale. We note that the LSP mass does not change very much among the blue dots (and hence red dots also). The lightest SUSY particle is a mixture of wino and Higgsino with the mass little bit above 1 TeV as indicated for three blue dots.
In Fig. 5 , we present a scatter plot of the Higgs boson mass for the case of Fig. 4 (a) .
A TeV-scale LSP in the MSSM with the R-parity conservation overcloses the universe. This overclosure problem can be evaded if the R-parity is not exact or there is a singlet heavy particle(s) decaying to the LSP as in the case of the heavy axino [26] .
IV. CONCLUSION
In view of the observed 126 GeV Higgs boson [1] which is relatively heavy in the SUSY scenario, we introduced a heavy stop scheme which is the opposite view from the popular effSUSY idea. In the Z ′ mediation scenario, we achieve this IeffSUSY explicitly with the U(1) Z ′ quantum numbers shown in Table I . With the quantum numbers of Table I , it is possible to have relatively light smuons (∼ 2−3 TeV) and neutralino (∼ 1.2 TeV), and hence can find a parameter region where a significant correction to the anomalous magnetic moment of muon can result. 
The mass eigenvalues are
where
where c β = cos β and s β = sin β. For the chargino diagram of Fig. 3 , we obtain the closed forms for the mass diagonalizing unitary matrices. The anomalous magnetic moment a
(B)
, we consider four cases of (IJ), where I = {A, B} and J = {A ′ , B ′ }. Among these (AA ′ ) and (BB ′ ) give positive sign and (AB ′ ) and (BA ′ ) give negative sign.
Appendix B
We diagonalize the neutralino mass matrix
where c W = cos θ W , s W = sin θ W , c β = cos β, s β = sin β. By the biunitary transformation by U † χ 0 on the left and U χ 0 on the right, it is diagonalized
where we ordered |λ i | ≤ |λ j | if i < j. Here, U χ 0 is a 4 × 4 orthogonal matrix since there is no phase. Defining
we obtain
In the limit MZ µ ≃ 0 and MZ mGi ≃ 0, the mass matrix is almost diagonalized, with the eigenvalues λ 1 ≃ m G1 , λ 2 ≃ m G2 , λ 3 = −λ 4 ≃ µ. Keeping the small parameters, we notice that there seems to be four small parameters from Eq. (26),
s W (c β + s β ), and
s W (c β − s β ). A general 4 × 4 orthogonal matrix has six real parameters. In view of the mass hierarchy M Z ≪ m Gi ≪ µ, two large parameters and four small parameters can be a good approximate description of the 4 × 4 orthogonal matrix. Thus, parametrizingŨ approximately as
where the simplified trigonometric notations s i = sin θ i , c i = cos θ i , and t i = tan θ i are used. Then, the RHS of (26) becomes 
where we used m G1 = m G2 so that the small off-diagonal terms of (12) and (34) elements are almost zero, i.e. λ 1 ≃ λ 2 , λ 3 ≃ λ 4 . Thus, up to order ǫ 2 i , we have
Thus, the solutions for ǫ i in the limit |λ 4 | ≫ |λ 1 | are
For the large parameters θ M and θ µ , we set the (12) and (34) components of Eq. (28) zero, in the limit λ 1 /λ 4 ≃ 0,
which leads to
We notice that this has a solution for s µ which needs not be small. Namely, the elements (Ũ ) 33,34,43,44 elements are not very small. Now, the original unitary matrix becomes
The smuon mass matrix is
where ǫ LRZ = ±1 for the positive and negative M 2 LRZ , respectively. The mass eigenstatesμ 1,2 are the mixtures of the left-and right-smuon statesμ 1,2 = sin γ 1,2 P L + cos γ 1,2 P R where P L = (1, 0)
T , P R = (0, 1) T . The smuon mixing angles are
cos γ 1,2 = ǫ LRZ ± 1 + 4m 2 µ (A µ + µt β ) 2 /M 4
with S = 1 + 4m
So, The sum over i is dominated by the lighter smuon and the coefficient -1.32 corresponds to the lighter smuon. For the heavier smuon, the coefficient is +1.86. Since t β is of order 10, the neutralino contribution gives a correct order of the muon anomalous magnetic moment observed at BNL. To have the positive sign for a SUSY µ (χ 0A ), the product of signs of t β , µ, m χ 0A
I
, and I 0 (x Ai ) should be negative where
